Abstract Liver cancer is the fifth most common cancer and is still one of the leading causes of death world wide, due to food additives, alcohol, fungal toxins, air, toxic industrial chemicals, and water pollutants. Chemopreventive drugs play a potential role in liver cancer treatment. Obviously in the production of anticancer drugs, the factors like poor solubility, bioavailability, biocompatibility, limited chemical stability, large amount of dose etc., plays a major role. Against this backdrop, the idea of designing the chemopreventive nature of bio flavanoid hesperetin (HP) drug conjugated with pegylated gold nanoparticles to increasing the solubility, improve bioavailability and enhance the targeting capabilities of the drug during diethylnitrosamine (DEN) induced liver cancer in male wistar albino rats. The dose fixation studies and the toxicity of pure HP and HP conjugated gold nanoparticles (AumPEG (5000) -S-HP) were analysed. After concluded the dose fixation and toxicity studies the experimental design were segregated in six groups for the anticancer analysis of DEN induced HCC for 16 weeks. After the experimental period the body weight, relative liver weight, number of nodules and size of nodules, the levels of tumor markers like CEA, AFP and the level of lipid peroxidation, lipid hydroperoxides and the activities of antioxidant enzymes were assessed. The administration of DEN to rats resulted in increased relative liver weight and serum marker enzymes aspartate transaminase, alanine transaminase, alkaline phosphatase, lactate dehydrogenase, and gamma glutamyl transpeptidase. The levels of lipid peroxides elevated (in both serum and tissue) with subsequent decrease in the final body weight and tissue antioxidants like superoxide dismutase, catalase, reduced glutathione, glutathione peroxidise, and glutathione reductase. HP supplementation (20 mg/kg b.wt) significantly attenuated these alterations, thereby showing potent anticancer effect in liver cancer and the HP loaded gold nanoparticels (AumPEG (5000) -S-HP) treated animals shows the better treatment than the pure HP due to the solubility of drug, bioavailability and the target drug delivery of the biodegradable polymer. Histological observations were also carried out, which added supports to the chemopreventive action of the pure HP and HP loaded gold nanoparticles (Au-mPEG (5000) -S-HP) against DEN induction during liver cancer progression. These findings suggest that HP loaded gold nanoparticels (Au-mPEG (5000) -S-HP) shows better efficacy than the pure HP against lipid peroxidation, hepatic cell damage and protects the antioxidant system in DEN induced hepatocellular carcinogenesis.
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Introduction
Hepatocellular carcinoma (HCC) is the fifth most common cancer in the world and the fourth leading cause of cancer death, with an estimated death rate of more than 500,000 per year [1] . Liver cancer incidence has been increasing in recent years in India. The major risk factors of HCC may be age, gender, hepatitis B and C, alcohol consumption, hormone exposure, haemochromatosis, vinyl chloride, arsenic poisoning, aflatoxin B1, obesity, diabetes, renal transplant patients, tobacco smoking and parasitic infections such as clonorchiasis and schistosomiasis [2] which results in liver damage such as cirrhosis [3] . Diethylnitrosamine (DEN) or N-Nitrosodiethylamine (NDEA) is a powerful environmental hepatocarcinogen that has been used as an initiating agent for hepatocarcinogenic activities. N-nitroso compounds are considered to be a tragic health hazards to man, and these compounds were present in tobacco products, cheddar cheese, cured and fried meals, occupational settings, cosmetics, agricultural chemicals and pharmaceutical agents [4] . The biotransformation of DEN resulting in oxidative stress alters the structure of DNA and forming alkyl DNA adducts [5] . It has been proven that metabolic bioactivation of cytochrome p450 enzymes to reactive electrophiles is required for initiation of their cytotoxic, mutagenic and carcinogenic activity by the help of nitrosamines with hepatocyte proliferation following cell necrosis [6] , hyperplasia, hyperbasophilia and tumour. The treatment of HCC is still a big challenge in medicine. Several chemicals are known to possess chemopreventive property against a broad spectrum of cancers. Chemoprevention serves as an attractive alternative to control malignancy [7] . Several herbal drugs have been evaluated for their potential as liver protectant against DEN-induced hepatotoxicity in rats [8] . The recent approach to control liver cancer is chemoprevention, it is entirely prevented, slowed or reversed substantially by the administration of one or more nontoxic naturally occurring and/or synthetic agent, otherwise called as anticarcinogen [9] . According to the World Health Organization (WHO) primary health care is still relied upon the natural products and approximately 80 % of the residents of developing countries in the world use natural products as foods medicines. An example of the dominant role of natural products can be seen in the last 25 years, where the 77.8 % of the cancer therapeutic of approved drugs are either natural products or based on natural products, or mimics of natural products [10] . Hesperetin (HP) (3 0 , 5, 7-Trihydroxy-4-methoxy flavanone) with molecular weight about 302.3; it is a flavonoid that exists widely in plants, fruits, flowers, foods of plant origin and abundant in citrus fruits [11] . The drug HP is an important bioactive compound in medicinal herbs and it also has biological and pharmacological activities, such as anticarcinogenic effect, antihypertensive, anti-inflammatory, antioxidant and lipid-lowering efficacy [12] . Since many antioxidants exhibit antiplatelet and anticarcinogenic effects [13] it is possible that HP can also function in a similar way but HP is poor bioavailability and poor solubility in water and shows a slow dissolution rate from solid oral forms, thus restricting its use in therapy [14] . Most current anticancer drugs do not greatly differentiate between cancerous and normal cells, leading to systemic toxicity and adverse effects. In addition, many natural chemopreventive drugs have a poor solubility, low bioavailability and they can be quickly cleared in the body by the reticuloendothelial system and it is the major drawback associated with the failure of many natural chemopreventive agents in clinical settings. In this condition we need an effective drug delivery system with the help of various biomaterials such as biodegradable nanoparticles (NPs). To enhance the efficacy of the cancer therapeutic agent, the use of nanoparticle-based drug formulation is an important aspect of nanomedicine [15] . In particular, gold NPs possess biological activities like antioxidant, anti-inflammatory, anti-angiogenesis and anticancer properties and therefore it has been used for the delivery of drugs, proteins, peptides and oligonucleotides etc. [16] .
The design of suitable molecular carriers for flavonoids is an area of research that is in rapid progress, but efficient solutions are still far from being developed and applied to humans. In our previous study we introduced a new method for effective drug delivery system to improve the drug efficacy, solubility and bioavailability with the help of nanomaterials by synthesizing gold (Au) NPs stabilized and reduced with polymer O-[2-(3-mercaptopropionylamino)ethyl]-O'-methyl polyethylene glycol (mPEG (5000) -SH). Further, it is capped with anticancer drug-HP for effective drug delivery to treat HCC in vitro [17] . From the continuation of the above study, here we aim to divulge the chemopreventive nature of HP loaded gold NPs (Au-mPEG (5000) -S-HP) and pure HP (Fig. 1 ) during DEN-induced liver cancer in male wistar albino rats. 
Set 1: Dose Fixation Studies
The suitable optimum dosage schedule for AumPEG (5000) -S-HP NPs was identified by administering the drug at different dosage (0.1, 0.3, 0.5, 1 and 1.5 ml of nanoparticels) at different time intervals (viz; 0,7, 14, and 21 days). At the end of the experimental period the animals were sacrificed and the serum was used to assess the biochemical changes. The dosage and the duration of dosage, which gave the maximum protective efficacy (as elicited by the activities of marker enzymes in the serum) was fixed as the optimum dosage for the Au-mPEG (5000) -S-HP NPs as shown in Fig. 2a , b as compared with the DEN induced animal. Based on this dosage fixation assessment, the optimum dosage for Au-mPEG (5000) -S-HP NPs was found to be 0.5 ml via intraperitoneally twice a week. It shows the half the amount of pure HP dose.
Set 2: Toxicity Study of Pure Hesperetin (HP) and Au-mPEG (5000) -S-HP Nanoparticles After fixation of optium dosage, the toxicity of pure HP and Au-mPEG (5000) -S-HP NPs was analysed in rats by giving 20 mg/kg b.wt of pure HP and 0.5 ml of AumPEG (5000) -S-HP NPs were given by intraperitoneally for 21 days, the rats were scarified by cervical decapitation and the tissues of liver samples and kidney samples were investigated by histophathological examination as shown in Fig. 3 . Group 6: Animals received 0.01 % DEN along with 0.5 ml of Au-mPEG (5000) -S-HP NPs (i.e. 1.5 mg/0.5 ml) intraperitoneally for twice a week. Au-mPEG (5000) -S-HP NPs was started one week prior to the first dose of DEN administration and continued for 16 weeks.
Experimental Design
After the experimental period, the animals were fasted overnight, anaesthetized with diethyl ether and then sacrificed by cervical decapitation.
Evaluation of Biochemical Estimations
After the cervical decapitation, the blood samples were collected from the experimental animals and liver tissue was removed and washed in ice-cold saline. The total protein in the liver was estimated by the method of Lowry et al. Quantitative estimation of tumor markers of carcinoembryonic antigen (CEA) and a-feto protein (AFP) were carried out by solid phase enzyme linked immunosorbent assay (ELISA) using UBI MAGICWELL (USA) enzyme immune assay kit. The levels of lipid peroxidation (LPO) products were estimated in serum and liver tissue homogenate [18] . The level of lipid hydroperoxides (OH) in liver homogenate was assayed by the method of Jiang et al. [19] . The activities of marker enzymes such as Asparate transaminase (AST), alanine transaminase (ALT), Alkaline phosphatise (ALP), lactate dehydrogenase (LDH), and cglutamyl transpeptidase (cGT), were assayed in the serum [20, 21] . The activities of antioxidant enzymes-superoxide dismutase (SOD), catalase (CAT), glutathione peroxidise (GPx), glutathione reductase (GR) and glutathione (GSH) were estimated in the liver tissue homogenate [22] [23] [24] . [28] were assayed. The Activities of mitochondrial enzymes such as isocitrate dehydrogenase [29] , a-ketoglutarate dehydrogenase [30] , succinate dehydrogenase [31] , malate dehydrogenase [32] , NADH-dehydrogenase [33] and cytochrome C-oxidase [34] were assessed according to the published papers. 
Liver Histopathology
Histological evaluation was performed on a portion of liver specimen fixed in 10 % formalin and embedded in paraffin wax. Sections were cut at 4 lm in thickness, stained with hematoxylin and eosin and viewed under light microscope for histological changes.
Statistical Analysis
All the grouped data were significantly evaluated with SPSS/10 software. Hypothesis testing methods included one way analysis of variance (ANOVA) followed by least significant difference (LSD) test. P values of less than 0.05 were considered to indicate statistical significance. All these results were expressed as mean ± S.D for six animals in each group.
Results

General Observations
During this study no evidence of mortality was observed and all the animals survived during the entire period of the experiment. The rats tolerated quite well the intraperitoneal injection of pure HP and Au-mPEG (5000) -S-HP NPs treatment. No clinical signs of toxicity were present in any group in this study. The morphological study and biochemical estimation was carried out in liver and kidney. There was no change in morphology and no change in concentration was observed in marker enzymes and in antioxidants. Similarly histopathological study of liver and kidney tissues of Fig. 3 shows no cellular architectural changes were observed in (a) control, (b) pure HP and (c) Au-mPEG (5000) -S-HP NPs. Both liver tissue and kidney tissue have similar architecture and these clearly concluded that no toxicity was observed in pure HP and AumPEG (5000) -S-HP NPs. Figure 4 depicts was the body weight of control and experimental group of animals. In DEN induced group 2 animals there is a significant decrease in the final body weight when compared with group 1 animals. The HP treated and Au-mPEG (5000) -S-HP treated groups 4 and 6 showed a significant increase when compared with group 2 animals. Here the all animals show better tolerance to treatment with Au-mPEG (5000) -S-HP when compared with pure HP. Figure 5 shows the liver weight and relative liver weight of control and experimental group of animals. In group 2 animals, the relative liver weight was significantly increased when compared with group 1 animals and there was a significant decrease in the liver weight in group 4 and group 6 animals when compared with group 2 animals. No physical observation was observed in Au-mPEG (5000) -S-HP alone treated groups which is an indicative of nontoxic nature of gold encapsulated HP NPs.
Effect of Pure Hesperetin (HP) and Au-mPEG (5000) -S-HP Nanoparticles on Macroscopic Morphology of Liver
The normal macroscopic appearance of liver morphology was seen in control group 1 animals (Fig. 6a) . Group 2 DEN induced animals shows heavy enlargement and covered with several grey-white nodules in various sizes and foci on the peripheral surface of the liver (Fig. 6b) . Liver cells shows normal morphology in pure HP alone treated group 3 animals (Fig. 6c ). Significant reduction in liver enlargement, nodule incidence and average nodule numbers per nodule-bearing liver was observed in HP 20 mg/kg b.wt?DEN treated rats showing the effect of chemoprevention in group 4 animals (Fig. 6d) . Liver cells showing normal morphology in Au-mPEG (5000) -S-HP, indicating that there is no cytotoxicity were seen in gold NPs encapsulated HP in group 5 animals (Fig. 6e) . Most of the nodules disappeared and more reduction in liver enlargement was observed in Au-mPEG (5000) -S-HP?DEN treated rats showing much more effect of chemoprevention and targeted delivery in group 6 animals (Fig. 6f ).
Incidence and Multiplicity of Hepatocellular Nodules
The incidence and multiplicity of hepatocellular total number of nodules and number of nodules per nodulesbearing liver and nodular sizes in millimetre in tumorbearing animals is shown in Table 1 , respectively. The HP treated and Au-mPEG (5000) -S-HP NPs treated groups 4 and 6 showed a significant decrease in the number of nodules when compared with group 2 animals. No nodules were observed in group 3 and group 5 animals. This clearly pointed that the gold NPs is biocompatible and it proves the anti-carcinogenic effect of HP encapsulated gold NPs.
Effect of Pure Hesperetin (HP) and AumPEG (5000) -S-HP Nanoparticles of CEA (Carcinoembryonic Antigen) and AFP (a-Feto Protein)
The Fig. 7a , b depicts the levels of tumor markers CEA and AFP in the serum of control and experimental groups of animals. CEA and AFP were found to be significantly increased in DEN induced group 2 liver cancer bearing animals when compared with control group 1 animals. Whereas their levels were significantly decreased in pure HP and Au-mPEG (5000) -S-HP treated groups 4 and 6 animals. Which reveals the anti-tumor effect of HP loaded gold NPs. The Fig. 8 shows the levels of LPO in the serum and liver and Fig. 9 shows the levels of OH in the liver of control and experimental groups of animals. In DEN induced group 2 animals, there was a significant increase in the levels of lipid peroxides and hydroperoxides when compared with group 1 normal control animals. Where as in pure HP and Au-mPEG (5000) -S-HP treated groups 4 and 6 animals, there is a significant decrease in the level of lipid peroxides and hydroperoxides when compared with group 2 tumor bearing animals.
Effect of Pure hesperetin (HP) and AumPEG (5000) -S-HP Nanoparticles on the Activities of Marker Enzymes Table 2 represents the effect of HP and Au-mPEG (5000) -S-HP NPs on the activities of marker enzymes in the serum of control and experimental group of rats. The activities of AST, ALT, ALP, LDH and cGT are significantly (P \ 0.05) increased in DEN induced group 2 animals when compared with group 1 normal control animals. HP 
Groups
No of rats examined (n) and Au-mPEG (5000) -S-HP NPs treated group 4 and 6 animals showed a significant decrease in the activities of these enzymes when compared with group 2 animals. Table 3 portrays the effect of antioxidant status in the liver of control and experimental group of animals. The activities of SOD, CAT, GSH, GPx and GR, in the DEN-induced group 2 animals were significantly decreased (P \ 0.05) as compared to the normal control group 1 animals. Where as in HP (HP) and Au-mPEG (5000) -S-HP NPs treated group 4 and 6 showed a significant increase in the activities of SOD, CAT, GSH, GPx and GR when compared with group 2 animals. Table 4 represents the activities of ATPase in liver tissues of control and experimental group of animals. Significant decrease (P \ 0.05) in the activities of total ATPase, Na ? / K ? ATPase, Mg 2? ATPase and Ca 2? ATPase activity were seen in cancer bearing group 2 animals when compared with group 1 normal control animals. The above alterations were significantly (P \ 0.05) normalized more in AumPEG (5000) -S-HP NPs than pure HP when compared with group 2 animals. There was no significant difference in the activities of ATPase between hesperetin alone and gold NPs alone treated group 3 and group 5 animals. Table 5 depicts the activities of mitochondrial TCA cycle enzymes and respiratory chain enzymes in liver of control and experimental groups of rats. The activities of TCA decomposed/min/mg protein, GPx glutathione peroxidise in lmol of GSH utilized/min/mg protein, GR glutathione reductase in lmol of NADPH oxidized/min/mg protein, GSH glutathione in lg/mg protein cycle enzymes (ICDH, a-KGDH, SDH and MDH) and respiratory chain enzymes (NADH dehydrogenase and Cytochrome c-oxidase) were significantly decreased (P \ 0.05) in DEN-induced group 2 animals when compared to group 1 normal control animals. This could be because of oxidative stress due to DEN induction leads to imbalance between oxidant production and the antioxidant capacity of the cell. Where as in Au-mPEG (5000) -S-HP NPs and HP administration the activities of these mitochondrial enzymes were markedly (P \ 0.05) sustained near normal status in group 6 and group 4 animals when compared to DEN-induced group 2 animals.
Evaluation of Antioxidant Status in Liver
Effect of Au-mPEG (5000) -S-HP Nanoparticles on ATPase
Assessment of Mitochondrial Enzymes and Respiratory Chain Enzymes Status
Histopathological Examination
In the histopathological examination of liver tissue at week 16, the control group 1 animal's revealed normal lobular architecture. Hepatocytes were polyhedral in shape and their cytoplasm was granulated with small uniform nuclei (Fig. 10a) . Liver sections from group 2 animals (Fig. 10b) revealed loss of abnormal architecture and irregular shaped hepatocytes with fatty changes, both hepatic and portal with siginificant tumor thrombi within portal vessels and moreover presence of hyperchromatic with numerous mitotic figures. The cytological patterns were varied and the necrotic cells were small with basophilic nuclei and dark cytoplasm this shows the features of HCC. Group 3 animals showed normal architecture indicating the non-toxic nature of HP (Fig. 10c) . In group 4 animals treated with pure HP showed few neoplastically transformed cells and a mild degeneration of hepatocytes maintaining near normal architecture (Fig. 10d) . Group 5 animals showed normal architecture and uniform nuclei which shows the non-toxic and the biocompatibility of control Au-mPEG (5000) -S-HP NPs (Fig. 10e) . Where as in group 6 animals ( Fig. 10f) treated with Au-mPEG (5000) -S-HP NPs showed near liver architecture and few neoplastically transformed cells, with no evidence of necrosis or cirrhosis. This reveals that HP encapsulated gold NPs have better bioavailability and therapeutic effects.
Discussion
Hesperedin is a flavanone glycoside; its glycone form is called HP. It has been recognized to have stronger activity than hesperedin [35] . Its shows various clinical implications for example, HP possess vitamin-like activity and can decrease capillary permeability (vitamin P) leakiness and fragility. HP shows a wide spectrum of pharmacological effects such as antioxidant, anti-inflammatory, anticarcinogenic, anti-inflammatory, antimutagenic, antihypertensive and anti allergic properties [36] . HP is reported to be a powerful radical scavenger and a promoter of cellular antioxidant defense-related enzyme activities [35] . This drug was already reported that it shows anticarcinogenic effects caused in cancers (colon, breast,) which is strongly supported by an in vitro and in vivo studies [37] . Numerous experimental models have been developed to define the pathogenesis of HCC and to test novel drug candidates but still the death of HCC is leading in world wide because of the drug having poor solubility, bioavailability, biocompatibility, limited chemical stability and loss of target drug delivery [38] . HP has the similar problem of poor bioavailability and solubility in water and thus restricting its use in chemotherapy. The present study investigated more solubility and protective chemopreventive effects of HP conjugated gold NPs during DEN induced liver cancer in male wistar albino rats. During the period of study the animals did not show any significant changes in the behaviour indicating that there was no toxic effect due to administration of pure HP and Au-mPEG (5000) -S-HP. In our preparation the size of Au-mPEG (5000) -S-HP NPs is 110 nm diameter so it does not cause any oxidative stress in animals and more over the dose of Au-mPEG (5000) -S-HP nanoparticels is half the dose of pure HP because of the NPs having the maximum solubility, sustained drug release at the target site. The toxicity effect of pure HP and Au-mPEG (5000) -S-HP nanoparticels alone treatment showed no side effects, and does not disrupt the normal cellular architecture of liver and kidney in histopathological examination, suggesting that Au-mPEG (5000) -S-HP NPs is non-toxic and shows the gold nanoparticels is biocompatible. The histopathological patterns of liver damage observed in animals treated with DEN is found to be more pronounced than normal animal tissue, indicating HCC during DEN administration. In contrast to this, liver section of animals treated with AumPEG (5000) -S-HP nanoparticels show much improved Tumor markers are molecules that can be detected in higher or lower than normal amounts in the blood, urine, or body tissues of patients with certain types of cancer. CEA is a protein found in many types of cells but associated with tumors and developing fetus. Elevated CEA levels are found in serum of patients having various cancers such as breast, lung, pancreas, stomach, liver and ovary [39] . Elevation of serum AFP is higher in HCC compared to other liver diseases. AFP along with CEA is most extensively used in the diagnosis of HCC [40] . In this present study, increased levels of CEA and AFP confirms the incidence of HCC in DEN induced group 2 animals and Au-mPEG (5000) -S-HP NPs reduced the level of CEA and AFP, which revealed the antitumor effect of AumPEG (5000) -S-HP NPs against DEN-induced HCC. This indicates a positive prognosis.
Oxidative stress is usually implicated during all the stages of cancer development as well as in the genesis of other diseases. Reactive oxygen species (ROS) is formed from endogenous or exogenous sources and are highly reactive, toxic, and mutagenic. DEN have the potential to generate free radicals and these free radicals generation in the liver overwhelms the antioxidant status and ultimately proceeds to oxidative stress paving way to carcinogenesis [41] . The LPO and OH was significantly enhanced in the liver of DEN treated animals, which could be attributed to DEN induced oxidative stress. This oxidative stress may be the reason for the elevated LPO level in the liver of DEN treated animals. In line with this findings the animals treated with HP (pure HP and Au-mPEG (5000) -S-HP NPs) significantly lowered the levels of LPO both in serum and liver, when compared with animals induced with DEN. The Au-mPEG (5000) -S-HP nanoparticels treated drug shows much lower level of LPO compared with treated HP drug. This shows the antilipid peroxidative role of HP that is probably mediated by its ability to scavenge free radical generation.
During carcinogenesis, some enzymes can be used as a biochemical indicator of tumor response to therapy. Intracellular enzymes, such as AST, ALT, ALP, LDH, and cGT are useful indicators for liver function and their increased levels are indicators of liver damage. AST and ALT are reliable marker enzymes of liver and they are the first enzymes to be used in diagnostic enzymology when liver damage has occurred [42] and these enzymes are remarkable increase in HCC and liver damage. The result showed that the increase in the AST, ALT activities in DEN induced animals serves as an index of hepatotoxicity and carcinogenesis with the development of preneoplastic changes, thus shows the advanced stage of liver carcinoma. The treatment with Au-mPEG (5000) -S-HP nanoparticels decrease the activities of these enzymes and suggest that the HP encapsulated gold nanoparticels should be a hepatoprotective effect. LDH is a familiar sensitive marker of solid neoplasm and many studies revealed increased LDH activity in various types of tumor [43] . cGT is an enzyme embedded in the hepatocyte plasma membrane, mainly in the canalicular domain; again the liberation of this enzyme into serum indicates damage to the cell and thus injury to the liver. It is pointing out that serum cGT activity is considered to be one of the best indicators of liver damage [44] . cGT has been shown to play an important role in the metabolism of foreign substances and also during cell growth and differentiation [45] and it is over expressed in tumor cells [46] . This elevation reflects the progress of carcinogenesis, since its activity correlates with tumor growth rate, differentiation and survival of the host. In concurrent with above findings there is an increase in the levels of LDH and cGT in the serum and liver of animals bearing HCC. This elevation indicates the basis tumor burden, and treatment with Au-mPEG (5000) -S-HP NPs decreases the elevation of the level of this enzyme.
Antioxidants possess a variety of biological activities, including the induction of drug metabolizing enzymes, inhibition of prostaglandin synthesis, inhibition of carcinogen-induced mutagenesis, and scavenging of free radicals [47] . The powerful antioxidant defense mechanism of our body plays a crucial role against the toxic effects of ROSs. Among them, SOD and CAT are important antioxidant enzymes. These antioxidants are linked to the availability to develop the life threatening disease like cancer [48] . Exposure to carcinogens or tumor promoters usually decreases the activities of SOD and CAT [49] . Glutathione (GSH) is a major non-enzymatic antioxidant, which functions as the second line of defense against free radical damage in the body. GSH donates an electron during the peroxide reduction catalysed by GPx, which is a component of the enzyme system containing GSH oxidase and reductase. The dysfunction of GSH and its related antioxidant enzymes such as GPx and GR is reported to be involved in the initiation of cancer [50] . In the presence of xenobiotics GST and GPx generally help in detoxification by conjugating GSH with toxic electrophiles conferring a selective growth advantage to cancer cells. Induction of these enzymes has been become essential determining the potency of many anti-carcinogenic substances. Decrease in the activities of SOD, CAT, GPx, GR, and GSH are seen in tumor cells. The compounds that can scavenge excessive free radicals in the body are suggested to hinder the process of carcinogenesis [51] . In this study, we found that the DEN induced animals shows significant decrease in the activities of antioxidant enzymes in both serum and liver of animals treated with carcinogen when compared with normal animals. On the other hand, Au-mPEG (5000) -S-HP NPs supplementation significantly increased in the activities of antioxidant enzymes in both serum and liver of the animals when compared with animals administered carcinogen alone which may be due to the better anticancer and antioxidant properties of HP conjugated gold NPs. Na ? /K ? ATPase and Mg 2? ATPase are membrane bound enzymes responsible for transport of ions by utilizing ATP [52] . Active transport of Na ? /K ? is directly depends on the active calcium transport and resultant low calcium concentration. Mg 2? is one of the intracellular ions and has a key role in the intermediately metabolism. Inhibition the activity of these ATPase leads to impairment in intracellular signalling and functions. Calcium is a second messenger and important regulator for proliferation, apoptosis and progression. During chemically induced malignancy the activities of Ca 2? ATPase decreases which confirms the calcium concentration increased inside the cells. Au-mPEG (5000) -S-HP NPs treatment significantly reverses the activities of Na ? /K ? ATPase and Mg
2?
ATPase and also restores the Ca 2? ATPase to near normal in liver tissues. This result reported that HP conjugated gold NPs involved in protecting the ion pump ATPases and restoring the membrane integrity thus exhibits much more antitumor effect against DEN induced HCC.
Mitochondria are dynamic intracellular organelles that play a central role in oxidative metabolism and apoptosis for generating adenosine triphosphate (ATP) as they are the power house of the cells. ICDH and a-KGDH are the major regulators for the controlling flux in entire TCA cycle. During tumor proliferation impairments in functioning of mitochondrial enzymes such as ICDH, a-KGDH, SDH and MDH leads to alterations causes defection in several steps of TCA cycle [53] . Interestingly analysis the activities of mitochondrial enzymes shows sensitive targets in different pathological status. In this investigations Au-mPEG (5000) -S-HP NPs administration to DEN induced liver cancer animals significantly much more increase the activities of TCA cycle enzymes than the pure HP and thereby reveals its effective role on mitochondrial energy production and also Au-mPEG (5000) -S-HP NPs exhibits protective role on initiation phases of carcinogenesis.
In conclusion many current studies largely concentrate on only a few compounds such as EGCG and quercetin but there is a number of promising flavonoid antitumor agents that have poor in vivo parameters. In view from the above findings together with supporting literatures, it is clearly evidence that the HP conjugated pegylated gold NPs have shown better anticancer activity than the pure HP in DEN induced hepatocarcinoma in male wistar albino rats. The biochemical estimation and haematological parameters shows that the anticancer activity of Au-mPEG (5000) -S-HP NPs are higher than the anticancer activity of pure HP. The anticancer activity of Au-mPEG (5000) -S-HP NPs is higher than pure HP at minimum dose of chemotherapy drug may be because of more solubility, enhance the targeting capabilities of pegylated gold NPs and sustained delivery to the cancer cells. The statement is proved in earlier study, based on the results of sustained drug delivery, cellular uptake and cytotoxicity of both drugs in Hep3B cells [17] . The Au-mPEG (5000) -S-HP NPs possesses more potent free radical scavenging and antioxidant activities. We have observed a significant decrease in the incidence and occurrence of liver cancer in animals treated with AumPEG (5000) -S-HP NPs as compared to those animals treated with pure HP of carcinogenesis. Taken together, HP conjugated pegylated gold NPs can markedly modulate oxidative stress by activating the antioxidant defence system. The over all results concluded that pegylated gold NPs should be a better bioavailability, solubility and more chemopreventive agent as compared with pure HP. The precise molecular mechanisms involved to prove AumPEG (5000) -S-HP NPs against DEN induced HCC is taken up in future.
